The new species Ammopemphix hemisphaericus sp. nov. is described from Pleistocene sediments of the Central Arctic Ocean. The species is a finely agglutinated monothalamous form with hemispherical shape and a terminal aperture located at the top of the test, often occurring in pseudocolonies. A. hemisphaericus sp. nov. attaches itself to inorganic or organic substrates, often growing attached to the inside surfaces of calcareous or agglutinated foraminiferal tests. Pseudocolonies of A. hemisphaericus sp. nov. may also attach themselves to previous generations of Ammopemphix individuals. Based on our study of numerous specimens of Ammopemphix from the Central Arctic Ocean, we propose modifications to the description of the genus. The genus may be pseudocolonial or consist of isolated individuals, and in the case of pseudocolonial forms, individual specimens may be arranged randomly or symmetrically. The genus Ammopemphix is found mostly in polar regions, and is here reported for the first time from the fossil record.
Introduction
The glacial environment of the deep Arctic Ocean yields species that are predisposed to life in cold and oligotrophic conditions. Because of profound changes in sea-ice cover, surface productivity, and sedimentation linked to glacial/interglacial cycles, the benthic foraminiferal and ostracode assemblages found in the glacial Arctic Ocean are much less abundant and diverse than in the interglacial faunas [2] . Glacial assemblages reported from sediment cores are sparse and typically only consist of a few species of agglutinated forms [6, 7, 13] .
During the summer of 2014, four long kastenlot cores and 36 gravity cores were collected on the Lomonosov Ridge during Expedition 87 of the R/V Polarstern. The Pleistocene foraminiferal assemblages from these cores consist of approximately 20 species of agglutinated foraminifera [13] . The taxonomy and biostratigraphy of the benthic foraminiferal assemblages from the PS87 cores will be described separately. The purpose of this paper is to describe an enigmatic new species that lives attached to sediment particles, or most often to fragments of other specimens of agglutinated foraminifera.
The genus Ammopemphix has been previously reported from the Arctic and Antarctic seas [e.g., 3, 14, 15, 17, 24] , but specimens from the Lomonosov Ridge display morphological characteristics that are not known among the previously described species. In this study we describe a new species of Ammopemphix and modify the current definition of the genus.
Materials and methods
The sediment cores from which the new species is described were collected from the Lomonosov Ridge in the Central Arctic Ocean during Expedition PS87 of the R/V Polarstern in the summer of 2014 [12] . The new species is described from Kastenlot Core PS87/30-1 (coordinates: 88° 39.72′N, 61° 32,52′W, water depth 1276.8 m); Kastenlot Core PS87/023-1 corecatcher (coordinates: 86° 38.23′ N, 44°
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14 Page 2 of 10 53.98′ W, water depth 2444.8 m), Gravity Core PS87/100 corecatcher (coordinates: 81° 21.42′ N, 142° 35.46′ E, water depth 951 m) and Gravity Core PS87/108-1 corecatcher (coordinates: 81° 12.79′ N, 141° 10.70′ E, water depth 1439.6 m). All these core locations are on the crest of the Lomonosov Ridge (Fig. 1) . The sediment lithology is brown and dark brown silty clay, with interbedded sandy clay (Fig. 2) . The studied agglutinated foraminifer-bearing interval in Core PS PS87/30-1 encompasses the middle Pleistocene between MIS4 and MIS19 [21] .
Sediment cores were sampled onboard ship, typically every 10 cm, and samples were gently washed through a 63 µm sieve under running water. Samples of larger volume were collected from the core catchers. Residues were dried at 60 °C, transferred into vials, and picked into cardboard slides under a binocular microscope. Specimens were photographed in the SEM Laboratory of the Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and Technology, Kraków. [21] .
Systematic micropalaeontology
Description Test monothalamous, attached, pseudocolonial. The chamber is hemispherical, planoconvex, with a flat attachment surface and a convex dorsal side. The attachment surface consists of a thin agglutinated wall with a smooth inner surface. Individuals are sometimes found as isolated (Fig. 3c, d ) is 90 µm in diameter, 40 µm high, with an aperture 5 µm in diameter. Paratypes range from 20 µm to 155 µm in diameter.
Remarks Ammopemphix hemisphaericus sp. nov. belongs to one of the more commonly occurring agglutinated foraminiferal species in the Arctic Pleistocene. It can be found attaching itself to crevices and depressions on clastic and bioclastic mineral grains. It often occupies the interiors of other agglutinated foraminifera such as Psammosphaera, hemispherical fragments of Hemisphaerammina, or the concave surfaces of miscellaneous fragments derived from an undetermined agglutinated foraminifer. Specimens have also been observed on the interior of the bilamellar wall of a species that resembles Reophax davisii Parr, and on the interior of a tubular species belonging to the genus Psammosiphonella (Fig. 4c) . More rarely, it occurs attached to a calcareous benthic foraminifer, a specimen of Neogloboquadrina, a bivalve shell fragment, or an ice-rafted quartz grain (Fig. 4d) . Successive generations of A. hemisphaericus sp. nov. can be observed on a single substrate particlewhere younger forms attach themselves on top of (or inside) previous generations of Ammopemphix (Fig. 5b, d, e) . In all cases the apertures of adjacent individuals open dorsally, indicating there was no foramen or other type of connection between the tests. Their habit of building new tests on/in those of previous generations implies that juveniles did not disperse widely after reproduction took place, and is likely related to their choice of a suitable substrate.
Concentrations of A. hemisphaericus sp. nov. form pseudocolonies in which individuals display different stages of development. Smaller hemispherical specimens are found among larger specimens that display well-developed apertures. Pseudocolonies may consist of several to more than a dozen individuals.
Ammopemphix hemisphaericus sp. nov. is a delicate form that is easily damaged. The aperture or the entire top of the specimen may be missing, and sometimes only the outline of basal attachment is seen on clastic grains.
The occurrence of A. hemisphaericus sp. nov. is variable at the Lomonosov Ridge sites. The species is more common in the interglacial layers of the sediment cores. The glacial layers only contain sporadic single occurrences, which testifies to the fact that its development was limited in the highly oligotrophic glacial environment, when the central Arctic was covered by thick ice.
Discussion
The Pleistocene agglutinated foraminiferal assemblage Ammopemphix 
losa (Brady), Hormosina sp., Alvelophragmium polarensis O'Neill, Cystammina pauciloculata (Brady), and Glomospira gordialis (Jones and Parker) are rare elements of the assemblage. Some specimens of A. hemisphaericus sp. nov. are found attached to large, coarsely agglutinated fragments that show little or no curvature, which may be pieces of a larger agglutinated foraminifer such as a xenophyophore, but because of their fragmentary nature their taxonomic affinity is difficult to establish. In the upper two metres of the studied cores, the interglacial layers also contain calcareous benthic foraminifera dominated by Cassidulina and abundant planktonic foraminifera belonging to the genus Neogloboquadrina.
The microhabitat and ecology of Ammopemphix
Pseudocolonies of A. hemisphaericus sp. nov. are found on clastic substrates that are mainly of biogenic origin. Most occur inside other foraminiferal tests, which they apparently occupy after the death of the host organism. There is a preference for coarsely agglutinated fragments of other primitive agglutinated foraminifera. Such a preference suggests a detritivore feeding strategy, perhaps taking advantage of some residual organic matter (the organic cement) that was preserved between the grains of the host agglutinated foraminifer. The attached species Ammolagena clavata (Jones and Parker) also displays such a substrate preference [22] . By settling on biogenic particles, A. hemisphaericus sp. nov. may also be taking advantage of a bacterial flora that colonizes such grains and produces iron-manganese staining of the dead foraminiferal tests. An association between 14 Page 6 of 10 iron-manganese reducing bacteria and foraminifera that occupy the interior of foraminiferal tests has been noted by Gooday and Haynes [8] in the North Atlantic. Many of the specimens of agglutinated foraminifera from the Pleistocene of the Lomonosov Ridge are encrusted by an ironmanganese coating. This dark coating is especially well developed on specimens of Reticulophragmium pusillum and Haplophragmoides arcticus, but it can also occur between the grains of the coarsely agglutinated fragments that are colonized by A. hemisphaericus sp. nov.
The glacial environment of the Arctic Ocean must have been difficult for the development of normal marine faunas. The cold temperatures and extremely oligotrophic conditions caused by the thick permanent ice cover must have presented a barrier for certain benthic organisms, and fostered a benthic fauna that is much reduced in terms of both abundance and number of species. The opportunistic species that were able to exist in such a restricted environment, such as A. hemisphaericus sp. nov., apparently took advantage of marginal food resources such as the organic matter preserved in empty foraminiferal tests or in the intergranular spaces within the wall of dead agglutinated foraminifera.
The taxonomical status of Ammopemphix
One of the diagnostic features of the genus Ammopemphix is its ability to construct a test that appears "multichambered", as pointed out in the description of Ammopemphix lacustris by Haman & Marolt [10] . In his description of Urnula arctica, Cushman [3] stated that "chambers are apparently in communication with one another", even though Cushman's illustrations do not suggest there is any such connection between chambers. Loeblich and Tappan [16] mentioned in their description of the genus that "usually symmetrically arranged, with few chambers in single whorl, or with outer ring of chambers", which implies a certain mode of coiling. Therefore there has been some confusion in the literature concerning its unilocular vs. multilocular status.
In our opinion, the genus is better described as being monothalamous and pseudocolonial as pointed out by Haynes [11] , who regarded the genus to be a synonym of the Paleozoic (Silurian) genus Colonammina. Haman & Marolt [10] and Loeblich & Tappan [17] did not uphold this proposed synonymy on the grounds that Colonammina is only known from the Paleozoic. Haman & Marolt [10] did regard Ammopemphix to be pseudocolonial, describing it as "a random agglomeration of single chambers". These authors added that "any test symmetry or appearance of growth habit we believe to be purely fortuitous". In an emendation of the description of the species Haman [9] changed the description to "unilocular". In our view, a revised description of the genus needs to emphasise its monothalamous and pseudocolonial nature.
Two previously described species of Ammopemphix, A. arctica (Cushman 1948a ) and A. quadrupla (Wiesner, 1931) , both consist of individuals that are arranged in a regular manner: they are of nearly identical dimensions, are symmetrical about a central point, and they occur in fours or multiples of four [3, 15, 17, 24] . Adjacent individuals share a straight suture between them. As a result, the pseudocolonies appear to have a radial symmetry. In our material from the Lomonosov Ridge, such an arrangement of the tests has been observed, but is rare and limited to specimens of approximately equal dimensions. Wiesner [24] did not mention symmetry in his original definition of his genus Urnula-this feature seems to have been introduced into the description by Loeblich and Tappan [16] . Our specimens from the Lomonosov Ridge consist of individuals of different sizes, and these are not neccessarily arranged on the substrate with any sense of symmetry. The fact that the tests may be irregularly arranged, means that the statement about symmetry in the current description of the genus needs to be modified. We therefore propose the following emended description of the genus Ammopemphix:
Genus Description Test attached, monothalamous, pseudocolonial. Chamber hemispherical, individual tests are nearly circular in outline; when attached to one another or hidden in a crevice, their shape may be rounded-polygonal in outline or conform to their substrate. Adjacent tests may be separated by a straight suture between them. Wall finely agglutinated, white to yellowish in colour, smoothly finished, attachment wall thin, delicate, and translucent. Aperture a single small, rounded opening at the apex of each test, may possess a collar or finely agglutinated rim. Pleistocene-Holocene; Antarctic: Arctic.
Remarks Ammopemphix is much like the attached forms of the genus Sorosphaera, (e.g., Sorosphaera depressa Heron-Allen and Earland) differing in possessing a terminal aperture on top of each chamber. The type species seems to display a type of radial symmetry, often consisting of four tests, with sutures between each test radiating outward from a central point like on a hot-cross bun. However, other Ammopemphix arctica (Cushman, 1948a) , Ammopemphix quadrupla (Wiesner, 1931) , and A. hemisphaericus sp. nov. A fourth unnamed species was illustrated by Barbosa et al. [1] from a Brazilian mangrove environment, which might be better assigned to the genus Lacustrinella Loeblich and Tappan, 1987. Haman and Marolt [10] described the species Ammopemphix lacustris from the Lac des Allemands on the Mississippi Delta. Loeblich and Tappan [17] designated it the type species of their new genus Lacustrinella, which was reported to differ from Ammopemphix in possessing a more inflated test and a more prominent and elevated aperture. In their remarks to Lacustrinella, Loeblich and Tappan mentioned that Ammopemphix is more flattened and has a wholly organic membrane (lacks an agglutinated wall) on the attachment surface. Our specimens from the Arctic do not show these features. We follow the suggestion by Loeblich and Tappan and separate the genera based on their ecological preferences, as Lacustrinella only occurs in brackish shallow-water subtropical environments. Future investigations of the molecular biology of living specimens may ultimately resolve the issue of synonymy. The validity of Lacustrinella was upheld by Haman [9] , who provided an updated description of the type species regarding it as unilocular, not multilocular.
Wiesner [24] described the type species from a single station, 385 m depth, off Antarctica. The test wall as comprised of sand and mica flakes. Ammopemphix is known mostly from polar regions of the northern and southern hemisphere, and until now has only been reported from modern sediments [e.g., 3, 4, 15, 17-20, 23, 24] . The genus has also been reported from Brazilian mangroves [1] , and from the Ria de Vigo on the northwestern Iberian margin [5] . Our finding is the first report of the genus from the Pleistocene.
Conclusions
The new species A. hemisphaericus sp. nov. is described from mid-Pleistocene sediments from the Lomonosov Ridge in the Central Arctic Ocean. The species forms pseudocolonies that are often found in the inner surface of empty agglutinated foraminiferal tests and more rarely on inorganic sediment particles. The definition of the genus Ammopemphix is here modified taking into account the morphological characteristics of the new species.
